
F Fermi National Accelerator Laboratory

FERMILAB-Conf-97/369-E

D0

A Measurement of the Ratio of Production Cross Sections for
W + 1 Jet to W + 0 Jets and Comparisons to QCD

B. Abbott et al.

The D0 Collaboration

Fermi National Accelerator Laboratory
P.O. Box 500, Batavia, Illinois 60510

November 1997

Submitted to the XVIII International Symposium on Lepton-Photon Interactions, Hamburg, Germany,

July 18-August 1, 1997 and the International Europhysics Conference on High Energy Physics,

Jerusalem, Israel, August 19-26, 1997

Operated by Universities Research Association Inc. under Contract No. DE-AC02-76CH03000 with the United States Department of Energy



Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States

Government. Neither the United States Government nor any agency thereof, nor any of

their employees, makes any warranty, expressed or implied, or assumes any legal liability or

responsibility for the accuracy, completeness, or usefulness of any information, apparatus,

product, or process disclosed, or represents that its use would not infringe privately owned

rights. Reference herein to any speci�c commercial product, process, or service by trade

name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its

endorsement, recommendation, or favoring by the United States Government or any agency

thereof. The views and opinions of authors expressed herein do not necessarily state or re
ect

those of the United States Government or any agency thereof.

Distribution

Approved for public release; further dissemination unlimited.



A Measurement of the Ratio of Production Cross Sections for

W + 1 Jet to W + 0 Jets and Comparisons to QCD

The D� Collaboration �

Fermi National Accelerator Laboratory, Batavia, Illinois 60510

(June 30, 1997)

Abstract

A preliminary measurement of the ratio, R10, of the production cross

sections for W + 1 Jet and W + 0 Jets processes at
p
s = 1800 GeV by the

D� Collaboration is presented. A comparison of this ratio is made to next-

to-leading order calculations and the implications of these comparisons are

discussed.
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I. INTRODUCTION

The UA1 and UA2 experiments [1,2] used events with a W boson and jets to measure
the ratio, R10, of the production cross sections for W + 1 Jet events to W + 0 Jets events
and then used theoretical calculations to extract a value for the strong coupling constant at
the mass of theW , �S(M2

W ). The D� collaboration has also published [3] a measurement of
the ratio of production cross sections using the data from the 1992-1993 run of the Fermilab
Tevatron Collider. The preliminary result presented here is from the 1994{1995 run and
thus uses a data set more than six times as large as that used for the previous D� result.

The published D� [3] result shows that the theoretical predictions for R10 calculated
using the next-to-leading order, NLO, DYRAD Monte Carlo [4] at a center of mass energy,p
s, of 1800 GeV are relatively insensitive to �S. The theoretical predictions, over a wide

range of �S, yield a nearly constant value of R10. This could be due to changes in the gluon
distribution canceling changes in the matrix element as �S is varied in the calculations.

The new D� result presented here has the advantage of higher statistics, allowing for
tighter cuts which reduce the amount of background in the sample. The higher statistics
sample also allows us to eliminate data from �ducial regions of the detector where back-
grounds are highest. The larger data sample also allows more studies of possible sources of
systematic uncertainties to be conducted.

II. DATA SELECTION AND COMPARISONS TO QCD

The D� detector and the details of the D� triggering system have been described else-
where [5]. The important systems in the detector for this analysis are the uranium{liquid
argon calorimeter for energy measurements and the central drift chambers for tracking. The
trigger for the signal events used progressively higher transverse energy, ET , cuts on the
electron candidate, going from the hardware to the software trigger. The software trigger
also included cuts on the shape of the electromagnetic shower in the calorimeter as well as
a 15 GeV cut on the missing ET , E/T , in the event. Monitor triggers used in this analysis
had looser cuts on the electron candidate and no E/T cut.

The data sample used for this study is de�ned o�ine by selecting W boson events in
which the W has decayed to an electron and an electron neutrino, W!e�, without a cut
on the jet multiplicity. The o�ine electron selection increases the ET cut on the electron
to 25 GeV and tightens the online shower shape cut. Electrons are required to be isolated
from other calorimeter energy depositions and have a good match between the calorimeter
shower position and the central track position. Z events are removed from the sample by
requiring that only one good electron candidate is present in the event. The E/T in the event
is also required to be greater than 25 GeV. Jets in these events are identi�ed using a �xed
cone algorithm with a radius of 0.7 in �{� space. Cuts are applied to remove events with
fake jets created by detector e�ects or beam conditions. The analysis has been performed
using several di�erent minimum ET , Emin

T , requirements used to de�ne the jets.
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III. BACKGROUNDS

The dominant background to W+ Jets events is from multijet events produced by strong
interaction processes in which one jet 
uctuates highly electromagnetically and another jet
is su�ciently mismeasured that substantial E/T is seen in the event. The estimate of the
amount of background from this source is made using data and is explained below.

Two samples are extracted from data taken with the monitor triggers (no E/T cut). One
set contains signal and background events which are selected by requiring a good electron
candidate, one which passes the electron cuts listed previously, in the event. The second
sample contains background only and is selected by making cuts which preferentially select
non-electrons. The assumption is that events with an electron candidate but only a small
amount of E/T are actually multijet events (background) in which a jet faked an electron in
the calorimeter, since a major source of single high pT electrons is W boson production.

The E/T distribution for the sample containing non-electron events is then area normalized
to the E/T distribution for the electron sample in the low E/T region, E/T< 15 GeV, and the
normalization factor, N , is extracted. (Figure 1)
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FIG. 1. Multijet background subtraction method - The left hand plots show the extraction of

the normalization factor, N , for zero jets (top) and one jet (bottom) for an EminT of 25 GeV from

the monitor triggers. The vertical line indicates the upper limit of the normalization region. The

right hand plots show the extraction of the background fraction after the normalization from the

monitor triggers has been applied to the points. The vertical line now marks the E/T cut of 25 GeV

used to de�ne the signal.

Two similar samples are extracted from the W signal trigger (which employs a E/T cut).
The normalization factor, N , from the monitor triggers, is then applied to theE/T distribution
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for the non-electron sample from the signal trigger. The background fraction is then the
number of events from the non-electron sample in the signal region (E/T>25 GeV) multiplied
by N and divided by the number of events from the electron sample in the signal region.
This results in a background fraction of 1.6% for W + 0 Jets and 6.8% for W + 1 Jet for an
Emin
T cut of 25 GeV.
Other backgrounds, which have been subtracted, include Drell{Yan, 
�!e+e�, events

and Z boson production events in which the Z decays to an electron-positron pair, Z!e+e�,
when an electron is lost, and Z!�+�� events in which one � decays to an electron and the
other decays to hadrons. The fraction of contamination from these types of events was
estimated using the ISAJET Monte Carlo [6] and is about 2% in the case of W + 1 Jet
events and less than one percent for W + 0 Jets events.

IV. DATA CORRECTIONS

The energy of jets and electrons in the events have been corrected for the calibration of
the calorimeter. The cross section ratio, R10, has also been corrected for the di�erence in
the electron e�ciencies and E/T trigger e�ciencies for di�erent jet multiplicities. Both the
hadronic calibration and the electron e�ciency corrections introduce systematic errors on
the order of �5% for an Emin

T of 25 Gev. These are the dominant systematic errors for the
analysis. The correction factors for R10 are plotted as a function of Emin

T in Figure 2.
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FIG. 2. Correction factors for R10 versus EminT due to di�erences in the electron e�ciencies

when there are no jets and when there is one jet passing the EminT cut.
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V. EXPERIMENTAL RESULTS AND COMPARISONS TO QCD

For 83 pb�1 of data from the 1994-1995 run of the D� detector at the Tevatron Collider
we obtain 36984 W!e� candidates with electrons restricted to the central part of the D�
calorimeter (j�j <1.0). For an Emin

T cut of 25 GeV there are 33617W + 0 Jets candidates and
2829 W + 1 Jet candidates. After subtracting the background contributions from multijet
events and from other electroweak processes these numbers become 32879 for W + 0 Jets
and 2574 for W + 1 Jet.

The di�erence between the result presented here and the previous D� result is the re-
striction that the electron be in the central calorimeter, j�j < 1:0 and a better understanding
of the e�ciency corrections needed to make the measurement.

One way to look at this result is to vary the minimum ET used to de�ne a jet and compare
the experimental trend to that of the theoretical predictions (see Figure 3). The theoretical
predictions describe the shape of the Emin

T dependence for the di�erent parton distribution
functions, however all are consistently below the data. Figure 3(a) compares the result to
predictions using the CTEQ4M [7] and MRSA0 [8] parton distribution functions. There is
a slight normalization di�erence between the predictions with the di�erent pdf's, but they
are both well below the data. Figure 3(b) uses the CTEQ4 series of pdf's, in which �QCD
was varied in the pdf �ts. None of the curves approach the experimental result and the
theory appears to have little dependence on �S. It is evident that while the general shapes
of the experimental result and the theoretical predictions are similar, the normalization of
the calculations is well below the experimental result and that varying �QCD within the
limits allowed by the global pdf �ts does not bring the predictions into agreement with the
experimental result.

Taking a closer look at the result for one value of Emin
T , 25 GeV, highlights the lack

of �S dependence in the predictions. Figure 4 plots the ratio as a function of �S. The
lines and shaded band represent the measurement. The solid line is the experimental result.
The dotted lines indicate the statistical errors only while the shaded region indicates the
statistical and systematic errors added in quadrature. The points are the predictions using
both the CTEQ4 family and the MRSA family of pdf's.

Because UA1/UA2 ran at a lower
p
s, the average momentum fraction of the initial state

partons was larger than the initial state partons in W production at D�. The average mo-
mentum fraction for W production at UA1/UA2 was approximately 0.14 while the average
momentum fraction for W production at D� is about 0.04. This di�erence results in more
of the D� W + 1 Jet events being produced from a quark-gluon initial state at 1800 GeV
than at 630 GeV [9]. Theoretical predictions for R10 at D� are therefore more sensitive to
the gluon distribution in the proton which is not well constrained by current experiments.

VI. CONCLUSIONS

In conclusion D� has made a preliminary measurement of the ratio, R10, of production
cross sections for W + 1 Jet to W + 0 Jets processes with the data from the 1994-1995
run of the Fermilab Tevatron Collider. Comparisons to NLO QCD calculations show that
the theoretical predictions are consistently lower than the data for di�erent values of �S
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FIG. 3. R10 versus EminT . Figure (a) compares to DYRAD predictions using CTEQ4M and

MRSA0 pdf's. Figure (b) compares the result to predictions using the CTEQ4 family with di�erent

�S values.

given the currently available parton distribution functions. Also, the theoretical calculations
underestimate the rate of jet production in association with W bosons as a function of the
minimum jet ET . It appears that incorporating the D� and the UA1/UA2 data in global
QCD �ts could lead to signi�cant modi�cations of the conventional understanding of the
gluon distribution in the proton.
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